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ELECTRONIC PEN, AND CONTROL DEVICE AND 
~ " METHOD THEREOF ~ 



Field of the Invention 

The present invention relates generally to elec- 
tronic pens for recording of handwritten information, 
Background Art 

5 Electronic pens have been developed as a complement 

to keyboards and mice for controlling computer-based 
systems and inputting information to them. Such a pen 
is associated with an internal and/or external position 
detector which electronically records the pattern of 
10 movements of the pen over a base and generates an elec- 
tronic copy thereof, below referred to as electronic 
handwriting . 

The position detector can be based on, for instance, 
recording of a posit ion- coding pattern on the base, 

15 mechanical detection of movements, use of accelerometers 
and/or gyroscopes, triangulation of electromagnetic or 
acoustic signals, pressure detection in the base, record- 
ing of changes in an electromagnetic field, or a combina- 
tion of such techniques. 

20 In many electronic pens, the position detector is 

activated based on an output signal from a pressure 
sensor which is mechanically connected to the pen stem 
to detect when the pen is made to abut against a base- 

When reproducing electronic handwriting on a display 

25 or a base, readability is frequently dependent on the 
fact that the reproduction also reflects dynamic para- 
meters of the handwriting, such as the force of applica- 
tion of the pen stem during writing. The above pressure 
sensor should thus be designed to emit an output signal 

3 0 that is representative of the force of application. 

An electronic pen of this type is known from e.g. 
US -Bl- 6, 2 52, 182 . The pen has a pen stem whose inner end 
is connected with a control block which is slidingly 
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received in a cylindrical cavity in the body of the pen. 
Opposite to the control block, there is arranged in the 
cavity an electrode plate with an inner circular conduc- 
tor and an outer helical conductor. A helical spring is 
5 arranged round the control block in the cavity for bias- 
ing the same away from the electrode element into abut- 
ment against a stop lug. On its side facing the electrode 
element, the control block has a pointed application ele- 
ment of conductive rubber. In an unloaded initial posi- 

10 tion, the application element with its point is received 
in a central guide hole in the electrode element and is 
in electrical contact with the circular conductor. When 
exerting a load on the pen stem, the application element 
is gradually urged against the electrode plate so that 

15 the contact surface between them increases, whereby the 
electrical resistance over the electrode plate gradually 
changes. Based on the voltage across the electrode plate, 
a measure of the pen stem's application force on a base 
is thus obtained. 

20 A pen of the above construction, however, suffers 

from several drawbacks. 

The sensor arrangement of the pen is relatively com- 
plicated to assemble, which makes production as well as 
repair and maintenance difficult and expensive. 

25 Moreover the sensor arrangement of the pen will pro- 

bably have a limited life by the point of the application 
element being quite heavily worn when cooperating with 
the guide hole in the electrode plate. 

A further drawback is that the characteristics of 

30 the sensor arrangement, i.e. its functional relationship 
between application force and output signal, can only be 
modified within narrow limits and then by way of radical 
construction changes of the sensor arrangement. 

Further examples of pressure- sensitive electro- 

35 nic pens are given in US-A-6, 104 , 388, US-A-5, 895, 895, 
US-A-5,571,997 and US-A-5 , 548 , 092 . 
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Summary of the Invention 

Thus an object of the present invention is to pro- 
vide an electronic pen with a force sensor arrangement 
which is easy to mount and maintain. 
5 It is also an object to provide such a pen whose 

force sensor arrangement is both reliable and durable. 

A further object is to provide an electronic pen 
with a force sensor arrangement whose characteristics 
can be customised without radical changes of the con- 

10 struction of the arrangement. 

These and other objects that will be evident from 
the following description are achieved wholly or partly 
by an electronic pen according to claim 1. Preferred 
embodiments are defined in the dependent claims. 

15 According to the invention, both installation of the 

sensor arrangement in the pen and maintenance and service 
thereof are facilitated owing to the sensor arrangement 
being designed as a modular unit. The use of such a modu- 
lar unit, in contrast to the approach of combining loose 

20 parts in the pen into a sensor arrangement, also allows 
good control over the tolerances of the cooperating 
parts. Furthermore, easy assembly of the sensor arrange- 
ment is made possible since the force-receiving element 
is designed with built-in spring action that returns it 

25 to the initial position. 

The invention also enables modification of the char- 
acteristics of the sensor arrangement, without requiring 
radical construction changes, by modification of the 
material properties of the closure element, such as com- 

3 0 position, thickness etc. 

According to an embodiment, the force -receiving ele- 
ment is cantilevered in the sensor arrangement . This 
enables a compact sensor arrangement with small motions 
of the force -receiving element between the initial posi- 

35 tion and the activated position. This can, in turn, be 
converted into a small amount of wear on the parts 
included. In this embodiment, the force- receiving ele- 
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Tnent'9 spring action can easily be provided about its 
fixing point in the sensor arrangement. 

It is preferred that both the electrode element and 
the closure element be essentially planar since this fur- 
5 ther increases the possibility of the providing a compact 
sensor arrangement. 

The sensor arrangement preferably comprises a sheet 
substrate with a closure area and an electrode area form- 
ed thereon, the substrate being bent .such that the clo- 
10 sure area and the electrode area form said closure ele- 
ment and said electrode element, respectively. Such a 
sensor arrangement is easy to manufacture and its con- 
struction can be made robust . 

In one embodiment, the closure element is arranged 
15 as the force-receiving element in the sensor arrangement, 
which may be advantageous since the closure element can 
be a passive component which, in contrast to the elec- 
trode element, need not be connected directly to a vol- 
tage source . 

20 The electrode element conveniently comprises two 

electrically separate conductor paths which form an 
active surface cooperating with the closure element. In 
one embodiment, at least a central surface portion of the 
active surface has an essentially uniform distribution of 

25 said conductor paths. This minimises the sensitivity of 
the sensor arrangement to any variations in the impact 
point of the application force on the electrode surface. 
Such variations may arise, for instance, as a result of 
- the necessary tolerances or wear in the guiding of the 

3 0 pen stem in the pen. 

According to an embodiment, the sensor arrangement 
comprises a spacer of electrically insulating material 
which, in said activated position, is arranged to at 
least partly encortrpass the active surface. The spacer 

35 thus holds peripheral portions of the force -receiving 
element at a distance from the other element while at 
the same time opposite portions of the force -receiving 
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element are allowed to be urged into electrical contact 
with the active surface. The spacer can be in the form 
of protrusions on one or both of the closure and elec- 
trode elements. The above embodiment has been found to 
5 promote a stable output signal from the sensor arrange- 
ment by the spacer stabilising and controlling the con- 
tacting process between the closure and electrode ele- 
ments in the activated position. This also minimises the 
risk of short circuit of the electrode element in case 
10 the closure and/or electrode elements are deformed in 

operation, as may occur at high operating temperatures. 

In an embodiment, the closure element includes a 
pressure-sensitive material. It is thus possible to 
more or less customise the characteristics of the sen- 
15 sor arrangement by adaptation of the composition and/or 
thickness of the pressure -sensitive material. 

The electronic pen according to the invention can 
further comprise a force-transmitting element which is 
attached to one end of the pen stem and has a rounded 
20 abutment surface for cooperation with the force -receiving 
element. The force-transmitting element aims at, inter 
alia, providing a consistent abutment surface against the 
force -receiving element, independently of the appearance 
of the end of the pen stem. Furthermore, the force -trans - 
25 mitting element can be designed to absorb the major part 
of the striking power that arises if the pen is dropped 
so that the pen stem hits the base. The rounded abutment 
surface gives the advantage that the force- transmitting 
element's engagement point on the force-receiving element 
30 is essentially independent of any inclination of the 

force-transmitting element. This reduces the requirements 
for tolerances in the guiding of the force -transmitting 
element and the pen stem in the pen, as well as the 
requirements for accuracy in mounting. 
35 It is also preferred for the force-transmitting 

element to be made of an elastic material. Such a force- 
transmitting element can be softly engaged with the 
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force-receiving element, which has been found to give a 
more even output signal from the sensor arrangement. The 
elastic material, in combination with a suitable con- 
struction of the electrode element, also allows a sensor 
5 arrangement whose output signal at least partly is a 

function of the abutment area between the force-transmit- 
ting element and the force -receiving element and, thus, 
the contact area between the closure and electrode ele- 
ments . 

10 According to an embodiment, the force-transmitting 

element defines a blind hole which is adapted to receive 
one end of the pen stem and whose peripheral wall has at 
least one longitudinal groove. Such a groove can conduct 
air into the pen stem to equalise a negative pressure 

15 that possibly forms in the pen stem as its marking fluid 
is being consumed. Such a negative pressure can poten- 
tially prevent, or at least interfere with, the dispens- 
ing of marking fluid from the pen stem. The groove also 
facilitates insertion of the end of the pen stem into 

20 the blind hole, which may be advantageous when the force- 
transmitting element is made of an elastic material which 
may have a high coefficient of friction. 

Handheld electronic apparatus should survive a fall 
from reasonable heights. A sensitive point of an elec- 

25 tronic pen is the pen stem, through which striking power 
can be conducted into the interior of the pen and there 
cause great damage. The major part of such striking power 
can be absorbed by the elastic force -transmitting ele- 
ment- This requires, however, that the end of the pen 

30 stem be prevented from cutting through the force -trans- 
mitting element . To this end, the force-transmitting ele- 
ment may comprise an insert of a hard and durable mate- 
rial which is arranged over the end wall of the blind 
hole. 

35 To further promote the above-mentioned ventilation 

of the interior of the pen stem, the insert may, on its 
surface facing the blind hole, have at least one depres- 
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sion that extends from a central portion of the said sur- 
face and connects to said longitudinal groove. Such a 
depression can be provided by ribs and/or grooves of the 
surface of the insert. 
5 The inventive electronic pen may also comprise an 

elongate holder defining a first and a second chamber, 
wherein the sensor arrangement is mounted in the first 
chamber and the force-transmitting element is slidingly 
received in the second chamber for longitudinal movement 
10 into the first chamber against the spring action of the 
force -receiving element. Such a holder forms a mounting 
unit which can easily be mounted and dismounted in the 
pen. The holder can hold the force -transmit ting element 
in place when exchanging the pen stem, and can also con- 
15 tribute to guiding the force -transmitting element towards 
the sensor arrangement, which via the holder can be accu- 
rately located in the pen. 

A further object of the present invention is to 
suggest a technique of minimising the power consumption 
20 during operation of an electronic pen with a pen stem and 
an associated force sensor. 

This object is achieved by a control device and a 
method according to claims 25 and 32, respectively. 
Brief Description of the Drawings 
25 The invention will be described below by way of 

example and with reference to the accompanying drawings 
which schematically illustrate currently preferred embo- 
diments and in which 

Fig. 1 is a side view of relevant inner parts of an 
30 electronic pen according to the present invention. 

Figs 2a and 2b are side views of an inventive sensor 
arrangement in an initial position and an activated posi- 
tion, respect i ve ly , 

Fig. 3a is a top plan view of a substrate for form- 
35 ing the sensor arrangement in Figs 2a-2b, and Fig. 3b is 
a side view of the substrate after appropriate forming. 
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Figs 4a and 4b are opposite top. plan views of a 
holder for the sensor arrangement in Figs 3a-3b/ and 
Fig. 4c is a sectional view of the holder. along line 
A-A in Fig. 4b, 

5 Figs 5a and 5b is a longitudinal sectional view and 

an end view, respectively, of an activator which trans- 
mits force from the pen stem of the pen to the sensor 
arrangement in Figs 2 a- 2b, 

Fig- 6 is an exemplary diagram of the characteris- 
10 tics of the sensor arrangement, 

Fig. 7 is a diagram of an electric circuit for con- 
trolling an electronic pen of the kind shown in Fig. 1, 
and 

Fig. 8 is a diagram of an analog measuring signal 

15 which after preprocessing is received by an AD converter 
from a sensor arrangement. 
Description of Preferred Embodiments 

First a general introduction of the different com- 
ponents of the invention is given, with reference to 

20 Fig. 1. Then follows a detailed description of the 
central aspects of the invention, with reference to 
Figs 2-8. In the drawings, the same reference numerals 
are used throughout to identify equivalent parts. 
1 . Electronic Pen 

25 The following description starts from a pen which 

electronically records handwritten information via opti- 
cal detection of a position-coding pattern on a writing 
base. A full description of such a pen is given in 
WO 01/16691, WO 01/26032 and WO 01/26033 which in their 

30 entirety are incorporated herein by reference. However, 
it should be pointed out that the invention is also 
applicable to other types of electronic pens requiring 
a force -sensitive sensor. 

The pen 10 in Fig. 1 comprises an elongate, hollow 

35 pen body 12, in which a pen stem 14 is inserted so that 

its end cooperates with a force sensor 16 which is mount- 
ed in a holder 18. The pen 10 also contains a printed 
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circuit board 20 with electronic components that are 
necessary for controlling the pen, such as one or more 
processors 22, memory circuits 24 and commxinication units 
26. Moreover the pen can comprise a battery 28 for feed- 
5 ing voltage to the printed circuit board 20. In an alter- 
native embodiment, the pen is connected to an external 
power source. At the front end of the pen 10 an optical 
module 3 0 is mounted, containing optical components (not 
shown) and an image sensor 32 which is electrically con- 

10 nected to the printed circuit board 20. 

The pen stem 14, which can be a writing means or a 
passive pointer, is exchangeable by being extracted from 
the pen body 12 . The inner end of the pen stem 14 there- 
fore is frictionally engaged in an activator 34 which . 

15 is slidingly mounted in the holder 18. The activator 34 
is arranged opposite to the force sensor 16 to transmit 
forces from the pen stem 14 to the force sensor. 

Fig. 2 illustrates the force sensor 16, the holder 
18 and the activator 34 in more detail, on the one hand 

20 in an unloaded state (Fig. 2a) and, on the other hand, in 
a loaded, activated state (Fig. 2b) . The activator 34 is 
slidingly moved between these positions, typically a dis- 
tance of about 1-2 mm. The force sensor 16, the holder 
18 and the activator 34 will be described in more detail 

25 with reference to Figs 3-5, 

Reference once more being made to Fig. 1, the pen 
10 can take three different operation modes: a fully 
switched-off state, a waiting state and an active state. 
The pen 10 is switched on and off by means of a switch 

30 (not shown) , which can be implemented as an on/off button 
on the pen, or as a sensor for sensing when a protective 
cap (not shown) is removed from the pen or when the pen 
stem 14 is pressed out of the pen body 12 . 

Once the pen 10 is switched on but unloaded, for 

35 instance when the user has put it down or between pen 

strokes, it is put in the waiting state, in which essen- 
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tially all electronics is switched off to minimise the 
power consumption. 

As soon as the axial load on the pen stem 14, 
given by the force sensor 16, exceeds a predetermined 
5 threshold, the pen changes from the waiting state to the 
active state, in which the electronics is activated and 
the optical module 30 is made to take images at a given 
sampling frequency. Each image is recorded from the image 
sensor 32 by a processing unit, such as the processor 22, 

10 which based on the reproduced position-coding pattern 

calculates the position of the pen stem 14 on the base. 
The processing unit 22 also reads the application force 
of the pen stem 14 for each image and generates asso- 
ciated pairs of positions and forces which can be trans - 

15 mitted to an external unit (not shown) via the communi- 
cation unit 26 or stored locally in the memory 24. Based 
on these pairs of data, each electronically recorded pen 
stroke can be reproduced, in real time or on a subsecpient 
occasion, with a stroke width which in a natural manner 

20 varies with the application force. 

An electronic pen 10 of the above type should satis- 
fy the following specifications. Each pen should have a 
given functional relationship, stable over time, between 
application force and measuring signal. The pen's mea- 

25 surement of force should be effected with high resolution 
within a relevant force range, typically from about 0.1 N 
to about 5 N. The pen should be able to withstand varia- 
tions in environmental conditions, such as moisture and 
temperature. It is also desirable that the performance 

30 of the pen remain essentially the same also after a veary 
large number of strokes, for instance 10 million strokes, 
and also after a large number of exchanges of pen stem, 
typically 300. The pen should also survive a fall from 
about '1 m with the pen stem against a base. Further the 

35 pen should leave the waiting state as soon as possible, 

which means that the force sensor should typically have a 
response time in the order of 1 ms. The power consumption 
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should be minimal, at least if the pen is to be operated 
by a battery. 

These specifications are satisfied by the pen that 
will be described in detail below with reference to 
5 Figs 2-8. 

2 . Force Sensor 

To start with the force sensor 16 which is shown in 
Fig. 3, it is constructed from a sheet substrate 36 of 
electrically insulating material, typically a foil of 
10 plastic material, such as ethylene polyterephthalate 
(PET) . 

On the substrate 36, there is applied a layer of an 
electrode material forming an electrode 41 provided with 
two electrically separate conductor patterns 38, 40. The 

15 conductor patterns 38, 40 cooperate in an active area 42 
via conductor projections 44 which extend between each 
other in an essentially uniformly distributed manner. 
By uniformly distributed manner is meant in this context 
that the total conductor surface area, within an impact 

2 0 area of a given size, is the same for both conductors 38, 
40 independently of the impact point in the active area 
42. 

In a functioning embodiment, use is made of an elec- 
trode material which is a graphite layer with a thickness 

25 of about 0.01 mm which is applied to a PET substrate with 
a thickness of about 0.1 mm, the conductor projections 
being about 1 mm wide and having a mutual distance of 
about 1 mm. Of course, materials as well as dimensions 
can be selected entirely according to the desired per- 

30 formance. Other electrode materials comprise metals, such 
as silver and copper. An advantage of graphite is its 
formability and good adherence, which allows bending of 
the substrate (cf . Fig. 3b) . 

A thin layer (typically about 0.01 mm thick) of 

35 a closure material is also applied to the substrate 36. 
This closure material, which defines a closure 46, is 
such that, when pressed against the active surface 42, 
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it conducts a current between the conductors 38, 40 when 
connected to a power source. The closure material is 
also suitably pressure -sensitive so that its electric 
resistance decreases with an increasing press force, 
5 US-A-4,489,302, which relates to force sensors in 

keys of electronic musical instruments and which in its 
entirety is incorporated herein by reference, discloses 
pressure- sensitivs materials which are formed by mixing 
semiconductive particles with a resin material, for 

10 instance particles of molybdenum disulphide in acrylic 
plastic, the electric resistance of the material being 
given by the amount of particles , 

US-A-5, 296, 837, which in its entirety is incorpo- 
rated herein by reference, discloses further pressure - 

15 sensitive, semiconductive materials which are formed by 
mixing particles of tin oxide with a conductive resin 
material, which in turn may consist of a mixture of 
carbon particles and a non- conductive resin material. 
Thus there are a variety of potentially suitable 

2 0 closure materials, and a person skilled in the art can 

easily browse through them to obtain the desired perform- 
ance • 

The force sensor 16, which is shown in Fig. 3b, is 
made by forming the substrate 3 6 in Fig. 3a, more speci- 
25 fically by bending along the dashed lines LI, L2 , This 

results in a force sensor 16 with a resilient closure 46 
which is cantilevered to cooperate with the active sur- 
face 42 of the electrode 41. The spring force of the 
closure 46 is sufficient to return the pen stem 14 and 

3 0 the activator 34 from the activated position (Fig. 2b) 

to the initial position (Fig. 2a) when the pen is raised 
from the base. For a pen stem of about 1 g, the return- 
ing force of the closure should be at least about 15 mN, 
suitably about 30-100 raN, to minimise the risk that the 
35 pen is inadvertently activated when being shaken. With 
the above dimensions of the substrate, this can be 
achieved with an angle between the closure and the elec- 
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trode of about 10-30 degrees. The web portion 48 between 
the electrode 41 and the closure 46 is waist -shaped to 
reduce the stress in the substrate material . 

As is evident from Fig. 3b, the electrode 41 of the 
5 force sensor 16 is bent essentially at right angles to 
form a connecting portion 49 in which the conductors 38, 
40 extend to a contacting hole 50. In the pen, the print- 
ed circuit board 20 (Fig. 1) is mounted against the con- 
necting portion 49 so that the conductors 38, 40 at the 

10 periphery of the hole 50 are contacted with contact means 
(not shown) on the printed circuit board 20. 

To stabilise the output signal of the force sensor, 
a spacer 52 of electrically insulating material, such 
as a dielectric material, typically with a thickness of 

15 about 0.02 mm, is applied round the active surface 42. 

In an alternative embodiment (not shown) the spacer com- 
pletely encompasses the active surface. 
3. Holder 

Figs 4a-4c show the holder 18 in more detail . The 

20 holder defines two chambers 54, 56 for receiving the 
force sensor 16 and the activator 34, respectively. 

The sensor chamber 54 is axially defined by, on the 
one hand, an abutment wall 58 for the active surface 42 
of the electrode 41 and, on the other hand, radially 

25 inwards extending locking lugs 60 for supporting the 

electrode 41 during mounting of the activator 34 in the 
activator chamber 56. The sensor chamber 54 further has 
a guide hole 62 which connects to the abutment wall 5 8 
and is adapted to fix the position of the bent web por- 

30 tion 48 of the sensor 16 (Figs 2-3) . 

The sensor chamber 54 opens into the activator 
chamber 56 which is formed to receive the activator 34 
with a certain play. The activator chamber 56 is defined 
by flexible side wall portions 64 with longitudinal hooks 

35 66 defining a mounting opening 68 whose width is less 

than the width of the activator 34. When installing the 
activator 34 in the holder 18, the activator 34 is urged 
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past the side wall portions 64 which then spring back and 
hold, with the hooks 66, the activator 34 in place in the 
chamber 56. 

As is evident from Fig. 4c, the activator chamber 56 
5 opens into a through duct 70 for receiving the pen stem 
14 (Fig. 1) . 

The holder 18 further has flanges 72, 74 with 
through holes for fixing to the body 12 of the pen 
(Fig. 1) , one flange 74 also serving as carrying sur- 

10 face for the connecting portion 49 of the electrode 41. 
The flange 74 also has a socket 76 with radial stubs 78 
for securing the force sensor 16 to the flange 74 
before the holder 18 is mounted in the pen. In a finally 
assembled pen (Fig. 1) the connecting portion 49 is held 

15 in place by means of the printed circuit board 2 0 which 
abuts against the flange 74 . 

As shown in Fig. 4a, the holder 18 has on its out- 
side a guide groove 80 for cooperation with an upright 
guide plate (not shown) on the body 12 of the pen. This 

20 arrangement aims at preventing the holder 18 from being 

mounted in a slightly inclined manner relative to the pen 
stem 14 (Fig. 1) , which could cause increased friction 
and wear between the activator 34 and the holder 18. The 
holder 18 is in fact mounted by the fixing hole of the 

25 flange 72 first being fixed to the body, for instance by 
the fixing hole being mounted on a fixing pin on the body 
which is then formed by thermal upsetting. Subsequently 
the printed circuit board 2 0 is placed on the holder 18, 
and a screw is inserted through a hole (not shown) in the 

30 printed circuit board 20, through the fixing hole of the 
flange 74 and into the body. However, the fixing hole 
should be oversized to minimise tension and any removal 
of material during insertion of the screw, since this 
would potentially interfere with contacting. By coope- 

35 ration between the guide groove 80 and the guide plate, 
correct alignment of the holder 18 is guaranteed during 
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insertion of the screw through the oversized fixing hole 
of the flange 74 . 

It should be pointed out that alternatively the 
holder 18 can be moulded as part of the body 12 (Fig. 1) . 
5 Furthermore the holder 18 can be designed to be 

mounted with the mounting opening 68 directed inwards to 
the body 12, i.e. away from the printed circuit board 20 
(Fig. 1) . This minimises the risk of electrostatic dis- 
charge between the printed circuit board 2 0 and any 
10 uncovered part of the pen stem 14 if this is made of 
metal . 

4 . Activator 

The activator 34, which is shown in more detail in 
Figs 5a-5b, is made of a yielding material to ensure, 
15 inter alia, soft engagement with the closure 46 and the 
electrode 41 and to take up any striking power from the 
pen stem, 

The activator 34 has a rounded end 82 for engagement 
with the closure 46. Thus, the point of engagement of 

2 0 the activator 34 on the active surface 42 is stabilised, 

which results in a corresponding stabilisation of the 
output signal of the sensor. 

At the other end of the activator 34, a blind hole 
84 is formed to receive the rear end of the pen stem. A 
25 widened inlet facilitates the insertion of the stem end. 
In the base of the blind hole 84, a shock- absorbing 
insert 86 is arranged. Fall tests, where the pen is drop- 
ped from a height of one meter on a base, indicate that 
the pen when hitting the base is decelerated by at least 

3 0 about 2 00 G. A pen weighing about 40-50 g is thus sub- 

jected to loads in the order of 100 N, The end of the 
pen stem typically has a surface size of about 1-3 mm^, 
and therefore the insert should be made of a hard and 
durable material which suitably is capable of withstand- 
35 ing pressures of up to at least about 30-100 N/mm^. 

As is evident from the end view in Fig. 5b, a plura- 
lity of longitudinal grooves 88 are distributed over the 
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peripheral wall of the blind hole 84, on the one hand to 
facilitate the insertion of the stem end into the blind 
hole 84 and, on the other hand, to equalise any negative 
pressure in the pen stem 14. For the latter purpose, the 
5 insert 86 has radial ducts 98 extending from the centre 
of the insert 86 to its periphery. 

In an exemplary embodiment, the activator is made of 
TPE (thermoplastic elastomer; hardness Shore 87A) having 
a width of 4 mm, a radius of curvature of the end of 

10 10 mm and with an insert of fibre-reinforced ABS plastic 
which with a thickness of about 1 mm is moulded in situ 
in the blind hole . 

Fig. 6 gives an example of a functional relationship 
between application force on the pen stem and electric 

15 resistance over a force sensor in an electronic pen of 
the type described above. It should be emphasised that 
variations in resistance in case of low loads are stress- 
ed by the diagram being given on a log-log scale. 
5. Electronic Control 

2 0 Fig. 7 shows a circuit for controlling an electronic 

pen. The circuit is electrically connected to the force 
sensor 16 as described above, which is connected to a 
constant current source 100 which in this example sup- 
plies about 15 mA. 

25 The circuit further comprises a control unit 102 

which can be implemented by a commercially available 
microcontroller or microprocessor (CPU) , by a digital 
signal processor (DSP) , or by another programmable 
logic device, such as an FPGA, or alternatively as a 

30 hardware circuit (ASIC) , as discrete analog and digital 
components, or as a combination of the above . 

The circuit further comprises a bank of resistors 
104 which each via separate lines are connected to the 
control unit 102. 

35 An AD converter 106 (ADC) is connected to receive 

an analog measuring signal corresponding to the voltage 
across the force sensor 16 and to emit a digital measur- 
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ing signal which is received by the control unit 102. 
The AD converter 106 further has a control input which 
is connected to receive a control signal from the control 
unit 102. 

5 A comparator 108 included in the circuit has two 

inputs, one connected to the resistor bank 104 for 
receiving a reference signal, and the other connected to 
receive the analog measuring signal from the force sensor 
16. An output of the comparator 108 is connected to an 

10 interrupt input of the control unit 102 . The comparator 
108 is in the shown embodiment an integrated operation 
amplifier but can alternatively, for instance, be imple- 
mented as discrete components. 

During manufacture of the pen, a final calibration 

15 step is carried out, in which the pen stem is subjected 
to a vertical load of 0.2 N and the control unit 102 is 
made to emit such a combination of voltage signals across 
the resistor bank 104 that the reference signal equals 
the measuring signal from the force sensor 16, which is 

20 detected by the control unit 102 by changes in the signal 
on the interrupt input. This requires, however, that the 
voltage across the force sensor 16 will be within a per- 
missible range, in the example corresponding to a resis- 
tance of the force sensor 16 in the range 50-150 kOhm. 

25 The control unit 102 is then programmed to emit the com- 
bination of voltage signals each time it leaves its 
switched-of f state . 

Thus, as long as the pen is not switched off, the 
control unit 102 feeds the reference signal to the refe- 

3 0 rence input of the comparator 108. 

When the pen is switched on and automatically 
changes to its waiting state, the AD converter 106 
remains switched off since the control unit 102 does 
not emit an activating signal to the control input of 

35 the converter 106. As long as the force sensor 16 is 

subjected to a load of less than 0.2 N, the voltage on 
the measuring signal input of the comparator 108 will 
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exceed the reference voltage and the output signal of the 
comparator 108 will assume a value (high/low) which does 
not cause the control unit 102 to change its state. It 
will be appreciated that the power consumption is mini- 
5 mal since essentially no electric current flows through 
the circuit and the control unit 102 can be switched off, 
or only operate at a low clock frequency, typically 
100-500 Hz, for instance to intermittently check that the 
battery charge is sufficient, that the optical module is 
10 ready to record images, that relevant memory registers 
are ready to receive images etc. 

When the load exerted on the force sensor 16 exceeds 
the reference force (0.2 N) , its resistance decreases 
(cf . Fig. 6) and, thus, also the voltage across the force 
15 sensor 16. The comparator 108 then emits an interrupt 

value, IRQ, (low/high) on its output, which immediately 
causes the control unit 102 to increase the clock fre- 
quency, typically to about 100 MHz. In this active state, 
the control unit 102 effects triggering of the optical 
20 module 30 (Pig. 1) to record images at a fixed sampling 
frequency, typically about 100 Hz, and synchronous trig- 
gering of the AD converter 106 on the control input to 
generate a digital 8 -bit force value corresponding to the 
application force. The control unit 102 also triggers 
25 synchronous reading of a digital image from the image 
sensor 32 of the optical module 30. After decoding the 
image, which can.be controlled by the control unit 102 or 
a separate processing unit, a logical connection between 
the decoded position and the generated force value takes 
3 0 place. 

As soon as the load exerted on the force sensor 16 
falls below the reference force, the interrupt signal 
on the output of the comparator 108 disappears and the 
control unit 102 returns to its waiting state. 
35 According to an alteamative embodiment (not shown) , 

the circuit has no separate AD converter (106 in Fig. 7) . 
Instead the control unit 102 is designed to generate the 
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reference signal in the waiting state via the resistor 
bank 104, and to change to the active state as soon as 
the output signal from the comparator 108 changes states. 
In the active state, the control unit 102 is designed to 
5 control the voltage distribution over the resistor bank 
104 for digital conversion of the analog measuring vol- 
tage on the measuring signal input of the comparator 108, 
the output .signal from the comparator 108 being used as 
feedback signal in this conversion. The control unit 102 
10 then returns to the waiting state as soon as the digital 
force value is fo\and to be below a digital reference 
value, which is determined and stored in the control unit 
102 in the above calibration step. 

The alternative embodiment enables saving of com- 
15 ponents and, thus, a reduction of both cost and space 

requirement. In a currently particularly preferred embo- 
diment, the control unit, the comparator and the resistor 
bank are implemented as a programmable AD converter. 

In the two embodiments above, an AD conversion of 
20 the analog measuring signal of the force sensor is sup- 
plemented with a power- saving comparison of the same with 
a reference signal. Thus, instead of continuously AD con- 
verting the measuring signal at a fixed high frequency 
and, from this, controlling the states of the pen, the 
25 pen is switched between a low power state with simple 

level detection of the measuring signal and a high power 
state with AD conversion of the measuring signal and 
simultaneous position detection. 

In both embodiments, the analog measuring signal 
30 of the force sensor is digitised, within a voltage range 
Vmin-Vmax/ over a given number of equidistant levels or 
states, for instance 256 (8 bits) . Since there is a 
strongly non-linear (logarithmic) relationship between 
the measuring signal (voltage/resistance) and the applied 
35 force (cf. Fig. 6), the resolution in force will vary 

over the voltage range. If a certain minimum resolution, 
for instance 50 mN (5 g load) , is to be achieved over the 
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entire voltage range, an AD converter with a large number 
of levels (bits) is required. Such an AD converter can be 
• undesirably expensive and/ or energy requiring. 

This problem can be overcome by the control circuit 
5 being allowed to operate with at least two different AD 
conversion ranges, which is achieved by controlling the 
AD converter and/ or the constant current source. 

In the first -mentioned embodiment, the voltage range 
Vmin-Vmax of the AD Converter is conveniently controlled so 
10 that a desired resolution is achieved, preferably by con- 
trolling the reference voltage or reference voltages 
defining the voltage range. Controlling can be effected 
by an external or an internal control unit which thus 
shifts the AD converter between different measuring 
15 ranges when the analog measuring signal reaches given 
switch points. 

In the second embodiment, the size of the measuring 
signal is instead controlled in relation to the voltage 
range V„in-V,«« of the AD converter by the constant current 
20 source being caused by a control unit to draw a predeter- 
mined current through the force sensor. The predetermined 
current is fixed to give, within a predetermined force 
range, measuring signals which with the desired resolu- 
tion are mapped against the voltage range Vrain-Vmax of the 
25 AD converter. It will be appreciated that the above prob- 
lems are thus overcome without noise being amplified 
relative to the measuring signal. The thus controlled 
analog measuring signal is illustrated in Fig. 8 where 
the conversion range is limited by a high and a low 
30 switch point Vnign and Viow respectively. These switch 

points can, but do not have to, coincide with the voltage 
levels that define the measuring range Vmin-^xoax- Each time 
the analog measuring signal reaches the low or the high 
switch point Vio„, Vhigh, the constant current source is 
35 directed to a new current level which raises or lowers 

the measuring signal within the voltage range. Each such 
new current level defines a conversion range, indicated 



wo 03/069547 



PCT/SE03/00241 



21 

1, 2 and 3 respectively in Fig- 8. The shift between the 
conversion ranges takes place with an offset A so that 
the measuring signal is directed from Viow to Vhigh-A, or 
respectively from Vhigh to Viow+A. In the shift between the 
5 conversion ranges, a hysteresis is thus introduced, which 
aims at preventing small signal variations, such as mea- 
suring signal noise, round the switch points Viow/ Vhigh 
from generating quick shifts back and forth between the 
conversion ranges. 

10 It should be pointed out that, to each conversion 

range, different switch points can be assigned to which, 
in turn, different offsets can be assigned. 

It should also be pointed out that the above hys- 
teresis can also be introduced in the first embodiment 

15 involving controlling of the voltage range of the AD 
converter . 

The resulting, digitised measuring signal is then 
issued with an indication of the associated conversion 
range. The receiver of the digitised measuring signal 

20 conveniently has access to the conversion data that indi- 
cates the size of each conversion range, and also cali- 
bration data corresponding to a parametrisation of the 
relationship between resistance and force of the force 
sensor. The relationship can be specific for a given 

25 force sensor, or an average relationship. 

It should be pointed out that all of the circuit 
solutions that have been described above are generally 
applicable to electronic pens and can cooperate with any 
form of force sensor that can be caused to emit an analog 

30 measuring signal corresponding to the force applied to 

the pen stem of the pen. Such force sensors can be based 
on, for instance, magnetic detectors, as described in 
US-A-5, 565, 632 or US-A-5 , 895 , 895 , or strain gauges, as 
described in US-A-5 , 548 , 092 . 

35 6. Alternative Embodiments 

The invention has been described above in the form 
of exemplary embodiments. However, the invention is in no 
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way limited thereto and includes many other variants, as 
defined by the scope of protection of the appended claims 
and as will also be easily appreciated by a person skill- 
ed in the art. 

5 According to an alternative, a pressure -sensitive 

layer can be applied to the active surface of the elec- 
trode. The closure can in such an embodiment be provided 
with a conductive or semi conductive material, possibly 
with pressure-sensitive properties. 
10 In another alternative embodiment, the closure is 

made of a semi conductive material which in itself is not 
pressure sensitive. In such an embodiment, the sensor's 
sensitivity to force is achieved by the activator's abut- 
ment surface against the closure and, thus, the electro- 
15 nic contact area between the closure and the electrode 
being changed with the force of application. 

According to still another alternative, the elec- 
trode element is provided with a plurality of conductor 
points distributed over the active surface, while the 
20 closure is provided with a planar electrode. If a voltage 
is applied between the electrode and the closure, a 
variation in electric current is obtained according to 
the contact area between the closure and the electrode. 
Instead of the cantilevered construction as shown 
25 in the drawings, the sensor can be made up of a flexible, 
force- receiving closure which is arranged at a distance 
from and is fixedly connected to an electrode via a 
spacer of electrically insulating material. The spacer 
encompasses an active surface of the electrode and car- 
30 ries the closure so that the closure can be deformed to 
abut against the active surface. A similar sensor con- 
struction is known from the above US-A-4 , 489, 302 in con- 
nection with keys of electronic musical instruments. 
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1. An electronic pen comprising a body (12), a pen 
stem (14) slidingly received in said body (12) , and a 
sensor arrangement (16) whose electrical resistance 
varies in accordance with the amount of force applied 
to the sensor arrangement (16) via the pen stem (14) , 
characterised in that the sensor arrangement 
(16) is designed as a modular unit with an electrode ele- 
ment (41) and a closure element (46) that are mutually 
arranged in an essentially electrically insulated initial 
position, that one of said elements (41; 46) is arranged 
to receive said force from the pen stem (14) and thereby 
15 be urged to an activated position in electrical contact 
with the other element (46; 41), and that, on relaxation 
of said force, the force- receiving element (41; 46) is 
arranged to automatically spring from the activated posi- 
tion back to the initial position. 
20 2. The electronic pen as set forth in claim 1, 

wherein the electrode element (41) is integrated with 
the closure element (46) . 

3 . The electronic pen as set forth in claim 1 or 2 , 
wherein the force -receiving element (41; 46) is canti- 

25 levered in said sensor arrangement (16) . 

4. The electronic pen as set forth in claim 1 , 2 or 
3, wherein said electrode element (41) and said closure 
element (46) are essentially planar. 

5. The electronic pen as set forth in any one of 

30 the preceding claims, wherein the sensor arrangement (16) 
comprises a sheet siibstrate (36) with a closure area and 
an electrode area formed thereon, the substrate (36) 
being bent such that the closure area and the electrode 
area form said closure element (46) and said electrode 

35 element (41) , respectively. 
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6. The electronic pen as set forth in any one of the 
preceding claims, wherein the closure element (46) is the 
force- receiving element. 

7. The electronic pen as set forth in any one of the 
5 preceding claims, wherein the electrode element (41) com- 
prises two electrically separate conductor paths (38, 40) 
forming an active surface (42) for cooperation with the 
closure element (46) . 

8. The electronic pen as set forth in claim 7, 

10 wherein at least a central surface portion of the active 

surface (42) has an essentially uniform distribution of 

said conductor paths (38, 40) . 

9^ The electronic pen as set forth in claim 7 or 8, 

wherein the sensor arrangement comprises a spacer (52) of 
15 electrically insulating material which, in said activated 

position, is arranged to at least partly encompass the 

active surface (42) . 

10. The electronic pen as set forth in any one of 
the preceding claims, wherein the closure element (46) 

20 includes a semiconducting material. 

11. The electronic pen as set forth in any one of 
the preceding claims, wherein the closure element (46) 
includes a pressure- sensitive material. 

12. The electronic pen as set forth in any one of 
25 the preceding claims, further comprising a force- trans- 
mitting element (34) which is attached to one end of the 
pen stem (14) and has a rounded abutment surface (82) for 
cooperation with the force-receiving element (41; 46) . 

13. The electronic pen as set forth in claim 12, 
30 wherein the force-transmitting element (34) is made of 

an elastic material . 

14 . The electronic pen as set forth in claim 12 or 
13, wherein the force -transmitting element (34) defines 
a blind hole (84) which is adapted to receive said one 

35 end of the pen stem (14) and whose peripheral wall has 
at least one longitudinal groove (88) . 
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15. The electronic pen as set forth in claim 14, 
wherein the force -transmitting element (34) comprises 
an insert (86) which is arranged over the end wall of 
the blind hole (84) and is made of a hard and durable 

5 material . 

16. The electronic pen as set forth in claim 15, 
wherein the insert (86) on its surface facing the blind 
hole (84) is provided with at least one depression (90) 
that extends from a central portion of said surface and 

10 connects to said longitudinal groove (88) . 

17. The electronic pen as set forth in any one of 
claims 12-16, further comprising an elongate holder (18) 
defining a first and a second chamber (54, 56), wherein 
the sensor arrangement (16) is mounted in the first cham- 

15 ber (54) and the force-transmitting element (34) is slid- 
ingly received in the second chamber (56) for longitudi- 
nal movement into the first chamber (54) against the 
spring action of the force-receiving element (41; 46) . 

18. The electronic pen as set forth in claim 17, 
20 wherein the holder (18) comprises a lug portion (60) 

which is formed between the first and second chambers 
(54, 56) to limit the movement of the force-receiving 
element (41; 46) away from the other element (46; 41) . 

19. The electronic pen as set forth in claim 17 or 
25 18, wherein the holder (18) defines a mounting opening 

(68) which at least partly is defined by flexing sidewall 
portions (64) that allow insertion of the force- transmit- 
ting element (34) into the second chamber (56) and limit 
its lateral movement therein. 

3 0 20. The electronic pen as set forth in any one of 

claims 17-19, wherein the holder (18) comprises a guiding 
element (80) for cooperation with a complementary guiding 
element on the body (12) . 

21, The electronic pen as set forth in any one of 

35 claims 17-20, wherein the electrode and closure elements 
(41, 46) are interconnected by means of a web portion 
(48) , and wherein the web portion (48) is received in a 
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guiding opening (62) defined in a sidewall portion of the 
first chamber (54) . 

22. The electronic pen as set forth in any one of 
claims 17-21, wherein a contacting opening is defined in 

5 a sidewall portion of the first chamber (54) , and where- 
in the electrode element (41) extends from the first 
chamber (54) , through the contacting opening, into abut- 
ment against a contacting surface which is formed on the 
holder (18) for contacting a circuit board (20) arranged 

10 in the pen. 

23. The electronic pen as set forth in claims 21 and 
22, wherein the contacting opening is arranged opposite 
to the guiding opening (62) . 

24 . The electronic pen as set forth in any one of 
15 the preceding claims, wherein the electrode element (41) 

comprises a layer of graphite. 

25. A control device for installation in an electro- 
nic pen (10) provided with a pen stem (14) and an asso- 
ciated force sensor (16) , comprising a comparator (108) 

2 0 which is adapted to receive an analog measuring signal 

from the force sensor (16) , to compare the analog measur- 
ing signal with a fixed reference signal and, based on 
the comparison, to issue a digital output signal; a con- 
verter (10 6) which is adapted to receive the analog mea- 

25 suring signal and to convert this into a sequence of 
digital force values; and a processor (102) which is 
electrically connected to the comparator (108) and the 
converter (106) and which is adapted to selectively acti- 
vate the converter (106) , based on the digital output 

30 signal from the comparator (108) . 

.26. The control device as set forth in claim 25, 
wherein the processor (102), before activating the con- 
verter (106) , is adapted to switch from a waiting state 
with low internal clock frequency to an active state with 

35 high internal clock frequency. 

27. The control device as set forth in claim 26, 
wherein the processor (102) / in its active state, is 
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adapted to at least intermittently activate a position 
sensor (30) for determination of the position of the pen 
(10) on a base. 

28. The control device as set forth in claim 27, 

5 wherein the processor (102) is adapted to associate each 
position with a force value included in said sequence. 

29. The control device as set forth in any one of 
claims 26-28, wherein said processor (102) , at least in 
its waiting state, is adapted to generate said reference 

10 signal. 

30. The control device as set forth in any one of 
claims 2 6-29, wherein the processor (102) is adapted to 
receive the digital output signal of the comparator (108) 
on an interrupt port, at least during the waiting state. 

15 31. The control device as set forth in any one of 

claims 25-30, wherein the comparator (108) and the con- 
verter (106) are realised as a first and a second opera- 
tion mode, respectively, of a programmable analog- to- 
digital converter. 

20 32. A method of controlling an electronic pen (10) 

based on an analog measuring signal from a force sensor 
(16) associated with a pen stem (14) of the pen (10) , 
comprising the steps of comparing the analog measuring 
signal with a fixed reference signal, and selectively, 

25 based on the comparison, initiating an analog-to-digital 
converter to convert the analog measuring signal to a 
sequence of digital force values . 

33. The method as set forth in clam 32, wherein the 
force sensor (16) has non-linear force characteristics 

30 over an extensive force range, comprising the step of 
controlling, based on the size of the analog measuring 
signal, the conversion to one of at least two given con- 
version ranges which each correspond to a subrange of 
said force range. 

35 34. The method as set forth in claim 33, wherein the 

step of controlling the conversion comprises automatical- 
ly shifting the analog-to-digital converter between at 
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least two given voltage ranges which each correspond to 
a subrange of said force range when the analog measuring 
signal reaches given switch points . 

35- The method as set forth in claim 33, wherein the 
5 measuring signal is generated as a potential difference 
over the force sensor (16) which is driven by a constant 
current generator (10 0) , and wherein the step of control- 
ling the conversion comprises automatically switching, 
once the analog measuring signal reaches given switch 

10 points, the constant current generator (10 0) between at 

least two currents, which each result in analog measuring 
signals, that correspond to a given subrange of said 
force range, falling within the voltage range of the 
analog- to-digital converter. 

15 36. The method as set forth in claim 35, wherein 

said at least two given currents are selected so that 
the analog measuring signal in each switch point after 
switching of the constant current generator (100) is 
different from any other switch point . 



20 
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